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AMW.Mit^MFNTS TO THE CLAIMS: 

This listing of claims will replace all prior versions, and hstings, of claims in the 

application: 

, 1 (Original) A method for compensating for time dispersion in a receiver of a 

2 wireless system that has a plurality of transmit antennas and a plurality of receive 

3 antennas, the method comprising the steps of: 
receiving samples for each receive antenna; 

determining a joint equalizer solution using channel information for at least one 
pairing of at least one of said transmit antennas and said receive antennas; and 

applying said determined joint equalizer solution to said rt;ceived samples from at 
8 least one of said receive antennas to develop equalized samples. 



1 

2 



1 
2 

3 



2. (Original) The invention as defined in claim 1 wherein said Joint equalizer 
solution is a joint minimum mean square error (MMSE) solution. 

3. (Original) The invention as defined in claim 1 lunbcr comprising the step of 
estimating a channel for at least one pairing of at least one of said transmh antennas and 



3 said receive antennas* 



4. (Original) The invention as defined in claim I wherein in said determining step 
determining said joint equalizer solution is determined using channel intomiation for at 
least one pairing of at least one of said transmit antei^as and all of said receive antennas. 

5 (Original) The invention as defmed in claim 1 wherein said step of determming 
a joint equalizer solution is performed at least parUy in the discrete freqxmncy domain. 



, 6. (Original) The invention as defmed in claim 1 wherein said step of applying 

2 said determined equalizer solution is performed in the time domam. 
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7. (Original) The invention as defined in claim I .said step of applying said 
determined joint equalizer solution is performed in the frequency donuiin. 

8. (Original) The invention as defined in claim 1 further comprising the step of 



2 despreading said equalized samples. 



9. (Currently amended) The invention as defined in claim 1 wherein at least two 



2 of said transmit antennas ammmlt ant e nn a s transmit at differenl rates. 



1 

2 
3 



10. (Currently amended) The invention as defined in claim 1 wherein at least two 
of said transmit antennas t ransmit antonnat- transmit using different transmit 



3 constellations. 



11. (Original) ITie invention as defined in claim 1 twther comprising the step of 
performing soft bit mapping using a version of said cquaJi:ded samples. 



1 1 2. (Original) The invention as defined in claim 1 1 wherein said version of said 

2 equalized samples are despread samples. 



13. (Original) The invention as defined in claim 11 wherein .said step of 
performing soft mapping further comprises the step of spatial whitening said version of 



3 said equalized samples. 



14. (Original) The invention as defined in claim 11 wherein said step of 
performing soft mapping further comprises the step of performing a poslcriori probability 
(APP) metric processing on said version of said equalized samples. 

15. (Original) The invention as defmed in claim 1 wherein said determining step 
is performed multiple times, once for each one of said transmit antennas. 
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16 (Original) The invention as defined in claim I wherein said dctemiining and 
applying steps are iterated multiple times over u ^^ymbol period, one iteration for each one 
of said transmit antennas, and said method further comprises, Ibr each iteration, the steps 



8 

1 

2 



1 

2 



generating a i^presentation of signals that would have arrived hsid a particular 
symbol for a currently being processed transmit antenna had been transmitted; and 

subtracting said representation from said samples received for each receive 



antenna. 



17 (Original) The invention as defined in daira I wherein said joint equalizer 
solution is one from the group consisting of: a joint least mean square (I, MS) solution, a 
joint recursive least squares (RLS) solution, or a joint minimum iniersymbol micrference 
(TSI) subject to an anchor condition solution. 



1 1 8 (Original) A receiver for use in a multiplcinput multiple-output (MIMO) 

2 system in which a plurality of signal detectors receive signals transmitted by a plurality of 

3 signal sources, said receiver comprising: 

4 a joint equalizer that develops ajoint equalizer solution using channel information 

5 for at least one pairing of said at least one of said signal sources and said signal detectors 

6 and supplies as an output a signal that includes at least said equalizer solution applied to a 

7 signal received by at least one of said signal deiectors; and 
a soft bit mapper for developing soft bits from said joint equalizer output. 



19. (Original) The invention as defined in claim 18 wherein said joint equaUzer 
solution is a joint minimum mean square error (MMSE) equalizer solution 

20. (Original) The invention as defined in claim 18 wherein said soft bit mapper 
further comprises an aposteriori probability (APP) metric processor. 



1 21. (Original) The invention as defined in claim 18 wherein said soft hit mapper 

2 ftirther comprises a spatial whitening unit. 
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22. (Original) The invention as defined in claim 18 further comprising a 
despreader interposed between said joint equalizer and said soft bit mapper. 



1 23. (Original) The invention as defined in claim 1 8 wherein at least two of said 

2 transmit sources transmits signals at different rates. 



24. (Original) The invention as defined in claim 18 wherein at least two of said 



2 transmit sources transmits signals using different transmit constellations. 



25. (Original) The mvention as defined in claim 18 further comprising: 
a space time regenerator coupled to said Joint equalizer; and 
a buffer-subtractor coupled between said signal detectors and said joint equalizer 
and between said space time regenerator and said joint equalizer. 



26. (Original) The invention as defined in claim 25 further comprising a front end 
processor coupled to said buffer-subtractor. 



V 27. (Original) The invention as defined in claim 18 further comprising 

2 a soft bit mapper coupled to said joint equal izer; 

3 an error correction decoder coupled to said soft bit mapper; 

4 a space time regenerator coupled to said cm)r correction decoder; and 

5 a buffer-subtractor coupled between said signal detectors and said joim equalizer 

6 and between said space time regenerator and said joint equalizer. 

, 28. (Original) The invention as defined m claim 27 further comprising a front end 

2 processor coupled to said buffer-subtractor. 



1 29 (Original) The invention as defined in claim 18 further comprising an order 

2 controller for determuung an order in which signals from said s.gi.al detectors will be 

3 processed by said joint equalizer. 
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30. (Currently amended) The invention as defined in claim 19 wherein said join 

equalizer further comprises: , 

a first plurality of fast Fourier transform processors, eaeh of said fast Fourier 
transform processors being coupled to receive a respective input corresponding to a signal 
received by one of said signal detectors and supplying as an output a di^^crete frequency 

6 domain representation thereof; 

7 a plurality of channel estimation units each of which is coupled to receive a 

8 respective input coiresponding to a signal received by one of said signal detectors which 

9 develops a channel estimate for each channel between each respective signal source and 

10 each respective signal detector; 

H fl second plurality of fast Fourier transform proces.sors, each of said second 

plurality of fast Fourier transform processors coupled to receive a respective input 
corresponding to a channel estimate for a respective one of sa.d channels between said 
signal sources and said signal detectors and supplying as an output a discrete frequency 
15 domain representation thereof; 

,6 an MMSE detection per frequency bin processor coupled to receive as inputs said 

,7 outputs from said first plurality of fast Fourier transform processors and from said second 
18 plurality of fast Fourier transform processors to produce a discrete frequency domain 
,9 representation of an application of a said joint minimum mea« square en-or (MMSE) 
20 equalizer solution to said signals received by each of said signal detectors; and 
2, a plurality of inverse fast Fourier transform processors which convert said discrete 

22 fr. 9u.ncv domain representation of an application of a said ji>mt minimum mean square 

23 error (MMSE) equalizer solution to the time domain. 



12 
13 
14 
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, 31. (CurrenUy amended) The invention as defined in claim 30 wherein M is the 

2 number of signal sources and N is the number of signal detectors, and 

3 wherein said MMSE detection per frequency processor performs the equalization 

4 in the frequency domain by compuling 
5 



where 



H(^) = 



10 



11 

12 



rj(fi>) 



A 

a; is the background noise plus interference power, 

al is the sum of the power received by all said signal detectors from dU of said 
V3 signal sources, 

,4 each r(«o) is said output of a one of said first plurality of fast Pourier transfonn 

15 processors, 

16 each h(a>) is said output of a one of said second plurality of fast l ouncr transfonn 

17 processors, 

IS I is the identity matrix, mA 

,9 X" means the Hermitian transpose uf X, which is ihc complex conjugate 

20 transpose of the vector or matrix X, and 

2, .fr.) i. th^. ^^uali 7P.i nntnul vector th. freg nencv dnmmn for freqacncy 
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, 32. (Currently amended) The invention as defined in claim 19 wherein said jeki 

2 joint equalizer fiirther comprises: 

3 a plurality of channel estimation units each of which coupled to receive a 



respective input corresponding to a signal received by one of said signal detectors which 

5 develops a channel estimate for each channel between each respective signal source and 

6 each respective signal detector; 

7 a plurality of fast Fourier transform processors, each of said plurality of fast 
Fourier transform processors being coupled to receive a respective input corresponding to 
a channel estimate for a respective one of $aid channels between said signal sources and 
said signal detectors and supplying as an output a discrete frequency domain 

1 1 representation thereo f ; 

12 an MMSE tap weight calculator coupled to receive as inputs? said outputs from 
said plurality of fast Fourier transforai processors to pmduce a discrete frequency domain 
representation of a joint miniramn mean square error (MMSF.) equalizer solution to said 

15 signals received by each of said signal detectors; 

16 a pluraUty of inverse fast Fourier transform processors which convert said discrete 
fre quency domain representation of a joint minimum mean square error (MMSE) 

18 equalizer solution to matrices of filter coefficients in the time domain; and 

a matrix finite impulse response (FIR) filter coupled to apply said matrices of 
filter coefficients m the time domain to said signals received by said signal detectors 



8 
9 
10 



13 
14 



17 



19 
20 
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1 33. (Currently amended) The invention as defined in claim 32 wherdn M is the 

2 number of signal sources and N is the number of signal detectors, and whei-ein said 



7 
8 



9 
10 



14 
15 



MMSE equalizer solution is developed by computing: 
where 



H(<y)- 



.2 



crl is the background noise plus interference power, 

Jl is the sum of Ibe power received by all said signal detectors from ull of said 

11 signal sources, 

12 each h(a>) is said output of a one uf said plurality of fast Fourier transform 

13 processors, 
I is the identity matrix, tisid 

X" means the Hermitian transpose of X, which is ihe complex conjugate 
16 transpose of the vector or matrix X,_and 

,7 is a freouencv domain matrix renresentine t h e e Quali/ .atinn Tor frequffnyv <Q - 
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1 34. (Original) The invention as defined in claim 33 wherein said malrix FIR filter 

2 applies said matrices of filter coefficients in the time domain lo said signals received by 

3 said signal detectors by computing 

4 y{k)-T^A^'J) 



5 
6 



where y{k) is the vector output at time k, y having one component ibr each of 

7 said signal sources, 

8 S/s a MxN filter matrix for delay j, which is the inverse Fourier transform of 

9 S((a), 

10 is a vector of received samples at time k, and 

11 F is the number of samples taken for each fast houricr transform by each of said 

1 2 plurality of fast Fourier transform processors. 



1 35. (Original) The invention as defined m claim 1 8 wherein said MIMO system is 

2 a wireless system, said signal sources are transmit antennas and said detectors are 

3 antennas of said receiver. 



36. (Original) The invention as defined in claim 18 wherein said joint equalizer 
develops said joint equalizer solution as a function ofestimalcs of the channels between 



3 each of said signal sources and said signal detectors. 



37. (Cunently amended) The invention as dcfmed in claim 34 18 wherein said 



2 joint equalizer develops and applies said joint equalizer solution in a time domain. 



38. (Currently amended) The invention as defined in claim 36 ii wherein said 
joint equalizer develops and applies said joint equalizer solution in a frequency domain. 
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1 39. (Currently amended) The itiveniion as defined in claim ^ 19 wherein said 

2 joint equalizer develops and applies said joint equalizer solution in a discrete frequency 

3 domain and applies said joint minimum mean square error (MMSE) equali/.er solution in 

4 a time domain. 

, 40. (Currently amended) The invention as defined in claim 19 wherein said joint 

2 equaUzcr develops said joint minimum mean square error (MMSE) equalizer solution by 

3 computing ^ 

4 w = A r{Hf {r{n)" r(H) + ^R,, ' 

3 where 

6 r(H) is a MIMO convolution operator, 

7 X" means the Hermitian transpose of X, which is the complex conjugate 

8 transpose of the vector or matrix X, 

9 A is a delay matrix , 

10 al is the background noise plus interference power, 

U <T^ is the sum of the power received by all said signal detectors from all of said 

12 signal sources, 

13 noise covariance Rp^, 

14 and said joint equalizer applies said joint minimum mean square error (MMSE) 

1 5 equalizer solution by computing 
,6 y{k) = V/r{k) 

1 7 where r(Jt) is a vector of received samples at time i._and 

,8 y(lr\ is the vector onmut at t i mR k representing the applicalion ol said joint 

,9 minimnm mean s quare error (MM S K^ egtializer to said vector ^>r received ^ample-^ a^ ti^ye 

20 k. 

1 41. (Original) The invention as defined in claim 18 wherem said joint equalizer 

. solution is one from the group consisting of: a joint least mean square (LMS) solution, a 

3 joint recursive least squai^s (RLS) solution, or a joint minimum inlcrsymbol ^ntcrference 

4 (TSl) subject to an anchor condition solution. 
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42, (Original) A receiver tor use in a multiple^inpul multiplc-ouiput (MIMO) 
system in which a plurality of receive antennas receive signals tmnsnnitted by a plurality 
of transmit antennas, said receiver comprising: 

means for developing a joint equalizer solution using cham:iel information for at 
least one pairing of at least one of said transmit antennas and said receive antennas and 
supptiee supplying as an output a signal that includes at least said ioitit equalizer solution 
applied to a signal received by at least one of said receive antennas; and 

means for developing soft bits from said joint oquali^of output signal. 



I 
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